Background This study aimed to explore the relationship between complications and risk factors in the type 2 diabetes population, and to assess the level of assistance people with diabetes receive in controlling their risk factors. Methods Participants were recruited from representative population surveys of South Australians aged over 18 years. Participants were asked a series of questions about their risk factors and the advice and assistance they received from their general practitioner (GP) in modifying their risk factors. Additionally, participants were clinically tested for a number of macro and microvascular complications.
initiatives. 3 The potential for health gain depends on high quality population data that underpins effective targeting of various sub-components of the problem. A recent review of diabetes in Australia identifies the current limitations of the Australian data for planning and intervention purposes. 4 Over the last three decades there have been only a handful of epidemiological studies dealing with prevalence of diabetes, 4 " 9 and even less dealing with complications and associated risk factors. 10 " 15 This is a major limitation if the disease is to be targeted effectively. The study reported here is the first Australian biomedical study in the last decade to report on diabetes complications and risk factors in a representative population sample. The study was designed to go beyond the risk factors and investigate what pharmacological and non-pharmacological strategies or interventions patients report their doctor had initiated regarding the important risk factors of smoking, obesity, alcohol consumption, exerdse, cholesterol and blood pressure.
Sampling Method
The participants in this study were recruited from a representative population survey of adults in South Australia using South Australian Health Omnibus Surveys. This annual faceto-face survey involves a multistage, systematic, clustered area sample of people aged 5»15 years who live in metropolitan Adelaide or country centres with a population of over 1000. Hotels, motels, hospitals, nursing homes, and other institutions are excluded. The sample is based on Australian Bureau of Statistics Collector Districts that are selected with probability proportional to size. Within each Collector District households are selected using a skip interval which changes for each district. Ten households are selected within each Collector District and within each household the person whose birthday is next is selected for interview. Up to five call backs are made to each household to interview the person selected.
To obtain an adequate sample of people with diabetes the 1992-1995 Health Omnibus Surveys were used for recruitment. The lowest response rate in the recruiting surveys was 71.5% in 1993. The surveys provided a total sample of n = 15 050 South Australians of whom 537 (3.6%) reported they had diabetes that had been confirmed by a doctor. As this survey was primarily concerned with non-insulin dependent diabetes the decision was made to exclude at the first pass those people <40 years who reported diabetes. On recruitment into the study people with diabetes were excluded if they were confirmed by their general practitioner (GP) as having type 1 (insulin dependent) diabetes or if they had commenced insulin within the first year following diagnosis. Diagnosis of type 2 diabetes was determined in the first instance by patient self-report, and the self-report diagnosis of type 2 diabetes was then confirmed by the individual's GP. This left 452 people with diabetes who were available for clinical testing. Of these, 191 (42.3%) provided questionnaire data and 173 (38.3%) provided both questionnaire and clinical data.
Most analyses of data were conducted using SPSS for Windows (Version 7.5). Because the data are clustered they were weighted by age, gender and geographical region to the South Australian census data, so that the sample would be representative of the South Australian population. 16 Re-weighting of the data was also necessary because of the two stage design of the study. This was done by multiplying the original Health Omnibus weight by the sum of the weights of those reporting diabetes in each survey, divided by the sum of the weights of those reporting diabetes who took part in the stage 2 study. The clustered sample also affected the calculation of the standard errors of the estimates on which the confidence intervals (CI) were based. Kish provides a method of calculating the design effect of a sample based on the ratio of the actual variance of the Health Omnibus Survey to the variance of the estimate of the same number of elements that did not take account of the design effect (simple random sampling). 17 The SUDAAN statistical package was used to compute the actual variance of estimates in this survey. The highest duster factor computed from the formula given by Kish was below 1.1. This factor was used to inflate the standard error and the confidence intervals of estimates.
Before undertaking multivariate analyses the predictor variables were examined to ensure that they were not subject to multicollinearity. SPSS was used to calculate eigen values for the variables, and if the largest eigen value divided by the smallest eigen value was >20, multicollinearity was assumed to exist. 19 Multicollinearity was not found in any multivariate analysis. Epi-info was used to determine the statistical significance of differences between groups of interest.
The Questionnaires
The questionnaire data obtained included information on gender; age; marital status (married/defacto versus widowed, divorced or single); employment status (employed versus not employed); educational status (additional post school qualifications at a college or university or a trade versus no additional education); smoking status (smoker versus ex or non-smoker). Data were also obtained on occupational prestige using the Australian Standard Classification of Occupations. 20 Smoking status was established by self-report (smoker, ex-smoker, non-smoker) and a person was classified as a smoker who smoked at least one cigarette each day. Alcohol consumption was established from the number of days each week on which a person drank. A drinker was considered to be a person who drank alcohol on at least one day per week. A person was classified as an exerciser if they had engaged in exercise which made them breathe hard or puff and pant (e.g. vigorous sports such as football, netball, jogging, running, walking briskly, dancing, keep fit exercises, swimming, etc.) in the 2 weeks prior to completing the questionnaire.
Clinical Method
Participants were asked to attend The Queen Elizabeth Hospital, Adelaide for clinical tests following overnight fasting from 9 pm the previous evening. Cardiac status was determined by coding of a standard 12-lead ECG using the cardiac ischaemic injury score. 21 The coder was blind to other patient data and a cutoff point of 15 was used to determine the presence of cardiac abnormality. 21 Peripheral vascular disease was defined according to two criteria: (1) abnormal pedal pulses assessed by Doppler ultrasound (using a Doplex machine) of the dorsalis pedis and posterior tibial arteries and classified as absent; (2) the ratio of ankle to arm blood pressure (using the Doppler ultrasound technique) <0.9.
22 ' 23 Retinopathy was determined by coding colour fundal photographs taken with a TCR/50VT camera (Topcon Corp., Tokyo). The coder was blind to other patient data and used a modification of the Airlie House technique as described by Klein el al. to determine the presence or absence of non-proliferative and proliferative retinopathy. 24 Peripheral neuropathy was assessed using a 'Vibration II' vibration perception tester. Vibration perception thresholds were established in a quiet room with a constant temperature (22°C ± 2°C). All readings using the great toe were considered abnormal if they exceeded the 97.5th percentile for age as described by Bloom etalP Nephropathy was established by the presence of albuminuria in a timed overnight urine sample. Albumin concentrations were analysed at a single centre using a commercial radioimmunoassay kit (Pharmacia South Seas, Sydney Australia). The long-term total (intra plus inter) assay variability was 10, 4.2 and 7.8% at urinary albumin concentrations of 3.6, 27 and 52 mg/1, respectively. Microalbuminuria was defined as an albumin excretion rate (AER) of 20-200 ug/minute. Macroalbuminuria was defined as an AER of >200 ug/minute. Subjects were considered to have nephropathy if microalbuminuria or macroalbuminuria were present. 26 Non-stasis blood samples were taken, following a 12-h overnight fast, for determination of serum total cholesterol, total triglycerides, low density lipoprotem (LDL), high density lipoprotein (HDL), glycosylated haemoglobin (HbAlc), and plasma creatinine. Total plasma cholesterol, triglyceride and HDL (after polyethylene glycol precipitation) were measured using enzymatic methods; LDL was calculated from these measures; plasma glucose by hexokinase reagents and plasma creatinine by Auto Analyser. Subjects were weighed and had their height measured. Glomerular filtration rate (GFR; ml/min) was calculated from the plasma creatinine concentration using the Cockroft-Gault equation, and considered low if <60ml/min. 27 Body mass index (BMI) was calculated by dividing the individual's weight (kg) by height in metres squared (m 2 ). Blood pressure was taken seated after a 10-min rest using a mercury sphygmomanometer.
Results
The question as to how representative the results are for all type 2 diabetes sufferers can be raised from the study's overall response rate. Table 1 shows the bivariate demographic differences between responders and non-responders to the study. It can be seen that males, people living in metropolitan Adelaide, and those with extra education were more likely to be recruited to the study. To assess the potential for bias, a logistic regression analysis was conducted comparing responders and nonresponders on these demographic variables. Two variables proved to be statistically significant at the conventional 5% level. Responders were more likely to live in metropolitan Adelaide and be of higher educational status. The area of residence variable is corrected for in the weighting of data, therefore, only educational status was considered to be of concern. As it is generally considered that there is a relationship between higher educational status and better health the direction of any bias in the results is likely to underestimate the true prevalence of complications and of risk factors. Table 2 shows the prevalence of the diabetes complications (and 95% [CI] confidence intervals) for this representative sample of the South Australian population with diabetes. The mean age of people with diabetes was 65.9 (95% CI: 64.4-67.5) years and the mean duration of diabetes was 7.7 (95% CI: 6.8-8.7) years. Neuropathy, followed by ischaemic heart disease (IHD) and peripheral vascular disease are the most common complications when they are regarded singularly. The prevalence of one or more micro or macrovascular complications was considered to be high. Table 3 shows the prevalence of diabetic complications against the demographic background. Some statistically significant differences are apparent between categories of age, sex, country of birth and duration of diabetes. Statistically significant effects «5% level of statistical significance appear in bold type. Marginally significant effects at the 10% level appear in italics. Table 4 shows the prevalence of the important diabetes risk factors. The high risk faaor prevalence rates are of overall concern in this study. Of importance are the observations that 59% of people with diabetes have blood pressure > 140/90 mmHg; 81% do not exercise with any vigour; 46% have HbAlc levels above 8%; 83% are overweight or obese; 50% are drinkers; and 15% are smokers. Figure 1 shows the proportion of people with each risk faaor who were advised of the need to modify the risk faaor and the proportion to whom assistance for modification was offered. It can be seen that identifying the risk faaor as a problem and offering an intervention were more likely to occur if there was a pharmacological solution available and less likely if a behavioural solution was required. In nearly every case, with the exception of hypertension and cholesterol, discussion about the risk faaor was as far as the GP had gone. It is important to remember that all these people still had the risk faaor, regardless of intervention, and so for both the behavioural and biomedical risk factors there is still considerable progress to be made. Table 5 shows the distribution of advice concerning behavioural risk factors (smoking, exercise, body mass index, alcohol consumption) and other risk factors (hypertension and cholesterol). There is a dear trend for advice to decrease with increasing number of risk factors. A logistic regression analysis was conduaed to determine the charaaeristics of advice or no advice as the dependent variable. Variables included in the model were: age and sex of patient, duration of diabetes, age and sex of GP and area of general practice. The variables that best described the likelihood of advice being given were: the patient was aged <70 years, had a duration of diabetes <5 years and was treated by a GP who practised in a disadvantaged area.
Discussion
This study is the first biomedical representative population study in Australia to assess the prevalence of complications and risk factors and the level of intervention that is occurring with the risk faaors. The data show that the prevalence of complications is high with 66% of people with type 2 diabetes having at least one micro and 53% at least one macrovascular complication. The data also justify the focus of the study by indicating that the extent of intervention with risk faaors is fax from satisfaaory and more likely to occur where a pharmacological solution exists. Even where a pharmacological solution was available risk faaor prevalence remains high.
Criticism could be made of the value of patient report of the GFs advice and intervention with risk faaors. It could be said that the inability to recall may simply be a memory problem. This, of itself, is just as important an issue as the GP not having offered advice, because the risk faaor issue is not salient to the patient and equally produces unacceptable outcomes.
A second aspea of the study relates to how these data compare with previous estimates of complications and risk faaors in Australian population studies. In the only previous biomedical population study of complications, the estimate for EHD was higher, but prevalence rates for IHD have been falling significantly in Australia since that study was conduaed. 10 Retinopathy had a more conservative definition tn the previous study but may be considered to be in agreement. The estimate for renal morbidity was lower in the previous study, but the method of assessment was less sensitive and is not as valid a measure as in this study. The estimate for neuropathy was much lower in the previous study, but less sensitive and reproducible testing methods were used and, therefore, may also be less reliable. In the previous risk faaor survey drinking behaviours are largely in agreement with those obtained in this study. 10 It should be pointed out however that the criterion used to establish a drinker in the present study is fairly severe. The criterion of one drinking day per week was used because of the difficulty Exercise rates in the previous study were a little higher as was smoking. It is not easy to explain the previously reported higher exercise rates given the increasing interest in exercise generally, however with regard to smoking, almost two decades have passed since that study and smoking rates have changed considerably in that time.
A third, and perhaps more important question, is what do these data mean for the treatment of type 2 diabetes within Australian populations and the health care system?* At the beginning of this paper we identified that effective intervention * The Australian Health Care System Includes public hospital services available to everyone, partly or completely subsidized medical services and private hospital services. Private health Insurance, partly or completely, covers the cost of private hospital services and some medical services. Government rebates are provided on fees for doctor's services, but eligible services do not generally include health promotion and health protection consultations. Health promotion and health protection programmes are variably available through public hospitals and community health services. Percentage of people with risk factors who were advised to modify the risk factor and offered assistance in modifying the risk factor in type 2 diabetes required both pharmacological and nonpharmacological interventions. These data show that this may be happening with pharmacological, but not with nonpharmacological intervention. The data in Figure 1 suggest that the GP is capable of offering assistance with factors with a lifestyle component where s/he has a pharmacological solution (hypertension and cholesterol), but offers little or no assistance for the other lifestyle variables. Chu has already identified that physician behaviour is disease rather than prevention oriented. 29 We also know from this study that with problems such as smoking doctors respond more to evidence of disease associated with the risk factor rather than the risk factor itself. Despite obvious improvements in diabetes care during this century, the quality of care has generally remained inadequate. Assal attributes this to the widespread failure to acknowledge the impact of patient education despite the fact that current epidemiological evidence supports a substantial benefit from adequate education of people with diabetes. 30 " 32 Brown, however, cautions about the need for improved research designs in diabetes interventions (and this should include educational interventions). 31 Future investment in diabetes care should include the development of interventions by teams that contain epidemiological expertise, GPs plus the relevant behavioural and professional risk factor expertise. Programmes to promote adoption of healthy activity schedules are lacking, despite the acknowledged benefits of exerdse for people with diabetes. Wakefield also bewails the inadequate development of smoking cessation approaches for diabetic care and the lack of understanding of this risk factor in relation to people with diabetes. 33 Yet the avoidance of tobacco is critical for the prevention and progression of vascular disease. 34 Of note in this study is the fact that GPs are more likely to intervene with patients <70 years and with a duration of diabetes of =£5 years. This may point to the fact that general practitioners consider the likelihood of success to be greater with these groups. Yet such an approach would ignore the high prevalence of type 2 diabetes in the over 70 age group or the fact that the need for change may become more apparent the longer the disease experience.
We await the final outcomes of the UK prospective diabetes trial to assess the effect of active glucose control in people with type 2 diabetes. At the present time, however, there is still controversy regarding ill effects of therapeutic agents for hyperglycaemia on diabetic complications. 36 Even where therapeutic agents are employed in type 2 diabetes we still depend largely on patients with type 2 diabetes to manage their own case and modify their lifestyle. It would seem, however, that a sophisticated patient centred approach to self-management and control of lifestyle-related risk factors may still be far off due to a lack of appropriate expertise working on the problem.
It should also be reinforced that risk factor modification is not without its complications. For example, increased exercise may have a significant effect on blood glucose levels. Changes in diet may also lead to changing blood glucose patterns and introduce new self-management issues for the individual. Emphasis on changing lifestyle alone may also create management problems for the individual and education of the potential effects of a changing lifestyle should also be considered as part of a comprehensive patient education programme. The solution may however be in better use of blood glucose data to determine medication, insulin and food adjustments.
How long will we wait for planned multi-disciplinary approaches to type 2 diabetes risk factors and patient selfmanagement education? How can Health Goals and Targets for people with diabetes be realistically progressed without adequate investment in risk factor modification? The acknowledgment of the importance of diabetes education is universal, but the level of investment suggests it is not necessary. Zimmet identifies the limited funding and non-targeting of diabetes research in Australia and restricted access to existing education programmes. 38 If we continue to invest largely in research focusing on pharmacological interventions without developing a more sophisticated approach to risk factor assessment, targeting strategies and the development of pharmacological and nonpharmacological interventions, we may find that little progress will be made for a long time to come.
